Background Exercise Referral Schemes (ERS) are a prevalent method of increasing physical activity levels. However, they suffer from participant dropout and research predicting dropout or barriers to adherence are limited. This study aimed to focus upon the effect of referral characteristics on dropout, dropout predictors and whether self-reported barriers to exercise predict dropout.
Introduction
Exercise Referral Schemes (ERS) are used as a method of promoting physical activity (PA) in individuals who are at risk of, or who have developed, health conditions associated with a sedentary lifestyle. 1 ERS have been prominent since 1990s, with up to 89% of primary care organizations running a scheme, 2 typically running over 10-12 weeks. 3 Participants are referred following the identification of a need to increase PA by their General Practitioner or another healthcare professional.
Research has so far failed to establish the clinical and cost effectiveness of ERS to the point where the National Institute for Health and Care Excellence (NICE) 4 stated that ERS did not have sufficient evidence to support their use, unless part of a controlled trial. A commonly reported issue is a lack of participant adherence, with recent studies reporting adherence rates ranging from 43% to 53%. [5] [6] [7] [8] recommended future research should focus upon factors encouraging uptake and adherence, and identify any barriers preventing participation, due to the limited research regarding the predictors of adherence/dropout or analysis of barriers to adherence. This study aimed to analyse data from a local ERS, with particular focus upon participant dropout, the effect of various referral characteristics on dropout and the predictors of dropout, including self-reported barriers to exercise.
Methods Population and measures
Data were provided for the South Tyneside Council ERS between April 2009 and April 2014 for retrospective analysis.
The ERS was delivered within partnership of the local council, National Health Service (NHS) trust and Primary Care Trust, with all those referred being residents of and registered with a general practitioner within the local council area. ERS inclusion/exclusion criteria are found in Table 1 . The ERS lasted 12 weeks, with a consultation before the programme started, and follow-up consultations at 6 and 12 weeks. The initial consultation involved input from an exercise professional and nutritionist.
All exercise professionals employed by the ERS were members of the Register of Exercise Professionals, held at least a Level 3 advanced gym instructor qualification/exercise referral qualification and accreditation in training/fitness testing. Sessions for high-risk participants were delivered exclusively by professionals with the British Association of Cardiac Rehabilitation qualification.
The consultation aimed to identify participants' readiness to change, individual goals and assesses the participants' Following the initial consultation, participants obtained a tailored exercise plan facilitating PA increase. Plans varied in terms of exercises and session number, depending on participants' individual needs. Sessions were typically gym-based; however, the ERS could offer pool-based sessions for participants that could benefit from non-impact exercise.
The ERS categorized participants by 'Tier', with Tiers 2 and 3 eligible for referral. Tier 2 had low-moderate comorbidities and a BMI >28 kg/m 2 , whereas Tier 3 had moderate-high comorbidities without any BMI restriction. The scheme defines low, moderate and high comorbidities using the National Quality Framework (NQF) for Exercise Referral systems. 9 Within the literature, the term adherence is often cited, yet definitions of this differ. This study defines adherence as 'continued participation in the scheme', matching the most recent ERS systematic review 3 and is assessed at 12 weeks. Participants present at 12 weeks were considered as adherent, whereas those not present at either 6 or 12 weeks were considered as dropouts. Ethical approval for the study was obtained from the Northumbria University ethics committee.
Data extraction/management
Permission to use the data was provided by the ERS manager, and following anonymisation was provided for analysis in electronic format.
All data were error checked, any measures missing information were coded as 'not stated', with clearly incorrect entries (e.g. age 121 years) discarded from analysis. For potentially incorrect entries that were at the extremes of normal ranges (e.g. bodyweight of 187 kg), data were crossreferenced with other data entries for the same participant, and data not matching were discarded. Instances of data describing the same outcome but described differently (i.e. 'Improved' or 'got better') were standardized (i.e. changed to 'improved') to increase the consistency of terminology. Following this process, 6894 participants were available for analysis. Ninety eight participants did not start the scheme; however, this would not constitute 'uptake' as described in recent studies, 2, 6 therefore statistical analysis was carried out excluding these participants.
Data recorded as 'not stated' were not included in the analysis for gender, referral tier, referral source or disability status. Not stated was infrequently recorded, would not provide valuable insight into the relationships between participants, therefore was excluded from analysis. In the case of referral type, 'not stated' was included in the analysis due to the high frequency of it being recorded (n = 3251), with maternity excluded due to low number of referrals (n = 1).
The final aspect of data management involved the grouping of data from each variable into categorical levels appropriate for statistical analysis. This process was carried out for referral reason, alcohol consumption, smoking and BMI. Evidence to support categorization is limited and heterogeneous. Where possible, all categorical grouping was applied using scales that have been previously used in publications or utilized by health organizations. Referral reasons were divided into 'musculoskeletal', 'mental health', 'cardiovascular/pulmonary/metabolic' and 'other'. The decision to keep mental health and cardiovascular diseases separate was based upon recent research, 5, 6, 8 which separated mental health and cardiovascular disease, whilst the use of musculoskeletal and 'other' categories captured the make-up of referral reasons within the data that were not otherwise categorized. Alcohol consumption, 10 smoking levels 11 and BMI 12 were all categorized using previously published guidelines or papers.
Within the 6796 participants that started the scheme, 3500 included data regarding barriers to exercise. In order to carryout logistic regression, all non-continuous data utilized as predictor variables (gender, age, referral type, referral source, tier, alcohol status, smoking status, PA level and nine separate barriers) were reduced into binary predictor variables with 'not stated' entries removed, leaving 3267 participants.
Statistical analysis
Statistical analysis was carried out using IBM SPSS version 22 for windows (SPSS, Inc., Chicago, IL, USA). Differences in referral or personal characteristics were investigated with Chi-square (χ 2 ) analysis and independent sample t-tests (P < 0.05 with 95% CI) between participants that adhered to and dropped out of the ERS. Separate binary logistic regressions were used to investigate whether any personal/ referral characteristics and patient self-reported barriers to exercise could predict dropout at 6 and 12 weeks using data collected at initial assessment. Cox & Snell R 2 , Nagelkerke R 2 and Hosmer & Lemeshow were utilized to investigate the model's goodness of fit.
Results

Descriptive statistics
Between April 2009 and April 2014, a total of 6894 participants were suitable for analysis. Of note, 1.4% (n = 98) did not start the programme. At 6-week assessment, 37.8% (n = 2608) had dropped out, and by the final assessment at 12 weeks, 50.03% (n = 3449) had dropped out, leaving 49.97% (n = 3445) of the cohort adhering. Table 2 provides a full breakdown for each personal and referral characteristic.
Analysis of dropouts
Nearly 47% of males and 52% of females dropped out, representing a significant difference between gender groups (χ 2 (1) = 20.113, P < 0.001). Age was significantly different between groups (t(6830) = −14.435, P < 0.001), the mean age of those adhering being 51.1 ± 15.3 and dropping out 45.7 ± 15.6 years, respectively.
Primary care referrals had 51.1% dropout compared with 35.1% of secondary care referrals, which was significant (χ 2 (1) = 52.190, P < 0.001). Referral type differed significantly (χ 2 (3) = 95.802, P < 0.001) as referrals for nutrition had the highest rate of dropout (89.9%), compared with 46.6% of exercise referrals. Of note, 57.7% of referrals for a mental health condition dropped out, which was significantly different (χ 2 (3) = 30.090, P < 0.001) compared with musculoskeletal (50.9%), cardiovascular (48.1%) and 'other' (50.9%) referrals.
Referral tier was significantly different (χ 2 (1) = 15.901, P < 0.001) between Tier 2 (51.5% dropout) and Tier 3 (46.5% dropout). Those consuming moderate alcohol levels had significantly (χ 2 (5) = 33.912, P < 0.001) lower dropout rates (44.5%), compared with non-drinkers (52.5%), not stated (51.7%), hazardous (45.2%), harmful (61.2%) and drinkers that did not specify amount (60.6%). Differences in disability status were non-significant (χ 2 (1) = 0.592, P = 0.442) between adherers and dropouts.
Predictors of 6-and 12-week dropout
Six-week dropout The full regression model containing all predictors was statistically significant (P < 0.001), indicating the model was able to distinguish between participants who did and did not drop out of the ERS by 6 weeks. The model as a whole explained between 4.2% (Cox & Snell R (Table 3) . (Table 4) .
Twelve-week dropout
The full regression model containing all predictors was statistically significant (P < 0.001), indicating the model was able to distinguish between participants who did and did not drop out of the ERS by 12 weeks. The model as a whole explained between 5
Discussion
Main findings of this study Dropout within this ERS was 50%, most of which occurred in the first 6 weeks. Smoking or having moderate-high comorbidities (Tier 3 referrals) were the only predictors of dropout, whereas increasing age, being an alcohol consumer, a secondary care referral and citing barriers to exercise including a lack of motivation or childcare were predictors of not dropping out before programme completion.
Due to the paucity of research using predictor variables other than gender and age, it is difficult to make comparisons regarding individuals with moderate-high comorbidities (i.e. Tier 3 referrals) and those who consume alcohol, in terms of the effects that they have on ERS adherence. Previous studies regarding barriers to PA have either not focused specifically on ERS 13 or have only recorded barriers for participants that have dropped out, 14 making comparisons to this study difficult. Further investigation into why a lack of motivation or childcare predict adherence is required, as the findings appear counterintuitive. At present there is no available research regarding secondary care referrals as they have been excluded from most studies and recent systematic reviews. 3, 15 Despite secondary care referrals being in the minority in this study (8% of entire cohort, 9.6% included in the regression), these referrals made a significant contribution to the model, indicating that secondary care referrals were less likely to drop out.
What is already known on this topic
Dropout/adherence This study supports the notion that ERS suffer from dropout, a consistent finding within the ERS literature. Previous work [5] [6] [7] [8] has mirrored this study and reported that ERS adherence lies between 43% and 53.3%.
In this study, the largest proportion of dropout occurred in the first half of the ERS. Between initial and 6-week assessment, 37.8% dropped out, compared with an additional 12.1% dropout between weeks 6 and 12 in the second half of the ERS. Although run over 24 weeks as opposed to 12, Hansen et al. reported a similar finding whereby the highest dropout rate occurred in the first half of the ERS. 5 Positive and negative predictors of dropout Smoking was predictive of dropout at Weeks 6 and 12, which supports previous ERS literature where smokers have suffered higher dropout. 16 Increasing age has commonly been reported as a predictor of adherence within the literature. 3, 5, 6, 8, 14 Despite increasing age being a predictor of e262 JOURNAL OF PUBLIC HEALTH scheme adherence, the whole cohort was only comprised of 36.6% of participants aged over 55 years old. In terms of the 3267 participants included in the regression, 37.7% were 55 years or older. Previous work has reported a similar finding, 5 the minority (48%) of a cohort being over 55 years, yet increasing age still predicted adherence. This finding lends support to a previous suggestion, 5 which considers that future ERS could focus on those 55 years and older, or that further investigation of, or targeting of ERS for the under 55s is required.
What this study adds
The use of participant self-reported barriers to PA with the aim of predicting dropout/adherence is novel and is a direct attempt to address the lack of knowledge regarding factors and barriers to ERS adherence as identified by NICE. 1 In addition, the use of predictor variables such as disability status, referral source, smoking and alcohol consumption within a single cohort provides new insight into factors/barriers affecting ERS adherence.
Limitations of this study
A common issue with routinely collected data is missing values or erroneous entries. 17 This study highlights the issue, as only 3267 of 6894 data sets were complete. For some analysis (e.g. gender), this was not an issue, however for referral type, over 3000 cases of 'not stated' were recorded. The effect of this is seen in Tier 2/3 analysis. Chi-squared analysis analysed a larger number of participants, suggesting that Tier 2 referrals were more likely to drop out. Conversely, logistic regression analysed less participants, but included more variables into the model, suggested that Tier 3 referrals increased dropout likelihood. In terms of analysis, this resulted in an inability to draw associations across the many variables involved in this ERS and made interpretation difficult.
Aside from the difficulties of recall in self-reported measures, 18 that may impact on the measurement of alcohol and smoking within this study, the measurement of the barriers to exercise also has limitations. At initial assessment, the barriers were recorded as barriers that could prevent increasing PA levels. It is not known what the actual barriers were during the scheme. The ramification of this is that a barrier stated at initial assessment may not actually manifest itself, making it not possible to ascertain if the barriers did indeed impact on adherence, particularly in participants that dropped out. In addition, it is conceivable (as evidenced in the findings that a lack of confidence or lack of childcare were predictors of adherence) that participants could overcome what they perceived to be barriers that could prevent PA level increases at initial assessment. Future research could measure during each assessment, the actual barriers to exercise to explore the relationships between the barriers, adherence and changes to barriers during the course of the programme, or within participants that drop out. If all 6894 participants had full sets of data, the effect this would have had on the logistic regression analysis is unknown. The logistic regression was able to only predict up to 60% of dropouts, as the factors analysed only provided a minimal increase in predictive accuracy, suggesting that other factors may have an influence on the rates of dropout.
Conclusion
Participant dropout within the South Tyneside ERS was 50%, with those who smoke, are younger, or a Tier 3 referral, more likely to drop out. This highlights the complexity of ERS adherence, suggesting that different subgroups of participants require different approaches to increase PA levels, or may not be suitable for ERS in isolation. However, further investigation into why these participants are more likely to drop out is required. From this study, it appears citing a lack of motivation or childcare as barriers to exercise predicts ERS adherence; this is unique within the literature and requires further investigation.
